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Frozen gene pools (semen or embryos) can 
provide a safe place for the storage of genetic 
material for many generations. Cranes (Grus 
spp.) are one of many species in need of gene 
pool protection. Of the seven species and four 
subspecies considered rare or endangered (Ar- 
chibald et al. 1981), two, the whooping crane 
(G. americana) and the Mississippi sandhill 
crane (G. canadensis pulla), are part of captive 
propagation projects at the Patuxent Wildlife 
Research Center in Laurel, Maryland. Greater 
sandhill crane (G. c. tabida) semen cryopres- 
ervation, under study at Patuxent since 1976 
(Sexton and Gee 1978; Gee and Sexton 1979, 
1980), indicated a need to reevaluate semen dil- 
uents and cryoprotectant levels. 
The present paper summarizes experiments 
that were designed to determine the effects of 
semen diluents and cryoprotectant levels on vi- 
ability of frozen-thawed crane semen, sperm 
damage before freezing and after thawing, and 
techniques that would result in increased num- 
bers of fertile eggs and progeny from cranes 
inseminated with frozen-thawed semen. 
METHODS 
Artificial insemination techniques, semen 
evaluation methods, and crane management re- 
gimes used in this study were described by Gee 
and Temple (1978) and Gee and Sexton (1979, 
1980). The present study consisted of 12 exper- 
iments: 9 experiments to determine optimum 
conditions for semen collection, semen dilution, 
freezing, and thawing, and 3 insemination trials 
with frozen semen. The t test was used to test 
the significance of differences between two 
sample means (Steel and Torrie 1960). The one- 
way classification analysis of variance and Dun- 
can's Multiple Range Test were used where ap- 
propriate (Steel and Torrie 1960). 
Sample Preparation 
Experiment 1 was designed to study the ef- 
fect of semen temperature before cryopreser- 
vation on sperm survival in the frozen-thawed 
sample. Clean, individual semen samples were 
collected, diluted, and transferred to 1-ml col- 
lection vials. The vials were held at either 3, 6, 
9, or 12 C before adding the cryoprotectant and 
freezing. In all 12 experiments, sperm survival 
was determined from three 5% eosin-10% ni- 
grosin stained slides. In Experiment 2, fresh se- 
men was diluted at the time of collection or at 
the time the cryoprotectant was added. DMSO 
(4%) was added to both samples, the samples 
frozen, and sperm survival in the frozen-thawed 
samples compared. 
Because the pH (7.4) and osmolality (330 
mosM) of the Beltsville Poultry Semen Extend- 
er (BPSE, Sexton 1977) did not reflect that of 
crane semen (greater sandhill [7.5 ? 0.5 pH, 
296 ? 32 mosM], Florida sandhill [G. c. praten- 
sis] [8.0 ? 0.1 pH, 302 ? 12 mosM], Mississippi 
sandhill [8.0 ? 0.1 pH, 311 ? 17 mosM], 
whooping crane [8.0 + 0 pH, 270 + 36 mosM]), 
a new crane extender was developed. Osmolal- 
ity (8-i1 semen sample) was determined using 
a Wescor 5100 B Vapor Pressure Osmometer 
(Wescor, Inc., Logan, Utah) and pH from a 
drop of semen on Duren paper (Macherey-Na- 
gel and Co., Duren, Germany) in the appro- 
priate range. The crane extender was prepared 
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by adjusting the pH and osmolality of BPSE to 
7.8 pH with sodium hydroxide and to 310 mosM 
with distilled water. 
Cryoprotectant 
Experiment 3 was conducted to examine the 
effect of holding semen up to 3 hours (extender 
equilibration) before adding DMSO. Diluted 
semen samples were held at 3, 6, 9, or 12 C 
before adding DMSO and freezing. Sperm sur- 
vival in the frozen-thawed sample for each 
equilibration time of 0.5, 1.0, 1.5, 2.0, 2.5, and 
3.0 hours was compared. Experiment 4 was 
conducted to compare the addition of concen- 
trated DMSO to semen, with the addition of 
DMSO diluted with BPSE. DMSO or DMSO 
diluted with BPSE was added to obtain a 4% 
concentration at a 1:2 dilution rate. Experiment 
5 was conducted to compare the cryoprotectant 
effect of DMSO concentration in crane extend- 
er on sperm survival in the frozen-thawed sam- 
ple. Diluted DMSO was added to pooled semen 
to obtain DMSO concentrations from 2 to 6%. 
In addition, separate studies were conducted 
comparing 3% with 4% DMSO, or 5% with 6% 
DMSO in crane extender. 
Frozen-Thawed Semen 
After thawing in an ice bath, semen was re- 
moved from the straw with a 1-ml syringe, and 
sperm survival was determined. A comparison 
was made of samples thawed, as described pre- 
viously, with those thawed and immediately di- 
luted with an equal quantity of chilled (1 C) 
BPSE (Experiment 6). Frozen semen straws 
were thawed 4-10 weeks (short-term storage) 
and 8-10 months (long-term storage) after 
freezing. The effects of short-term (Experiment 
7) and long-term storage (Experiment 8) on 
sperm survival were compared. 
Fine Structure 
Semen samples (undiluted, diluted with crane 
extender, diluted plus 6% DMSO, or diluted 
plus 6% DMSO frozen and thawed) were pre- 
pared for scanning electron microscopy (SEM), 
Experiment 9. The samples were examined for 
progressive motility and percentage live sper- 
matozoa before fixation for SEM. Semen sam- 
ples were placed in 2% glutaraldehyde in 0.15 
M cacodylate buffer, pH 7.4. Samples were 
stored at 5-6 C for 2-3 weeks before dehydra- 
tion in an ascending series of ethanols. Critical- 
point dried spermatozoa were deposited on 
double-sticky Scotch tape attached to alumi- 
num stubs and examined with either a Hitachi 
430 or a Hitachi HHS-2R (Hitachi, Ltd., To- 
kyo, Japan) Scanning Electron Microscope. 
Insemination Trials 
Four pairs of greater sandhill cranes were 
used for insemination with frozen-thawed se- 
men. Crane pairs were housed outside in 186- 
m2 pens, separated from the females by a 2.4- 
m-high wire fence beginning in February, 2 
months before egg production and throughout 
the reproductive season (Apr-Jun). Eggs were 
collected and artificially incubated in a Peter- 
sime Model 4 forced-draft incubator (Petersime 
Incubator Co., Gettysburg, Ohio) at 37.7 C and 
55% relative humidity. After 30 days, un- 
hatched eggs were examined for fertility. 
Inseminations began before the first egg was 
laid and were made on Monday, Wednesday, 
and Friday and on the day of oviposition. Fro- 
zen-thawed semen was inseminated in the va- 
gina or in the urodeum adjacent to the vagina. 
The volume of frozen-thawed semen per in- 
semination was 0.25 ml in Trials 1 and 2 and 
0.50 ml in Trial 3. In addition, fresh semen was 
diluted 1:2 in Trials 1 and 3, and 1:1 in Trial 2 
(Table 1). 
RESULTS AND DISCUSSION 
Several pre-freeze manipulations increased 
survival of spermatozoa in frozen-thawed se- 
men. In Experiment 4, with BPSE and 4% 
DMSO, a larger percentage of spermatozoa sur- 
vived the freezing-thawing procedure in four 
of five replicates (P < 0.1) when DMSO was 
diluted with BPSE before adding to the semen 
(61 ? 10%) rather than adding the DMSO di- 
rectly to the semen pool (46 ? 12%). 
The 6% DMSO level provided the greatest 
percentage of live, motile spermatozoa (55%) 
from the frozen-thawed semen when com- 
pared to 2 (16%), 3 (25%), 4 (36%), and 5% 
(36%). The percent live cells recovered from 
the frozen-thawed semen in Trial 3 (49 ? 5%) 
in 6% DMSO in crane extender was greater than 
in Trials 1 (40 ? 4%) and 2 (35 + 5%) and 
greater than reported previously with 4% DMSO 
(Gee and Sexton 1979). 
Several pre-freeze and post-thaw manipula- 
tions had little influence on sperm survival. 
These were: semen holding temperatures of 3- 
12 C (Experiment 1); semen holding time of 
30-75 minutes before DMSO addition (Exper- 
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Table 1. Frozen-thawed semen used in Trials 1, 2, and 3; 
protocol for semen collection and cryopreservation. 
Pen temperature Ambient, from -12 to 27 C 
Semen holding 3 to 12 C 
temperature 
Holding time Variable from 
_0.5 
hour to ?3 
hours 
Equilibration 15 min 
time 
Laboratory 22 C 
temperature 
Freeze rate 
>5 C to -20 C, -1 C/min 
-20 C to -80 C, -50 C/min 
-80 C to -196 C, -160 C/ 
min 
Thaw rate 3 min in a 0.5 C ice bath 
Extender 
Trials 1 and 2 BPSEa, pH 7.4 and 330 mosM 
Trials 2 and 3 Craneb, pH 7.8 and 310 mosM 
Dilution when collected 
Trial 1 1:1 
Trial 2 1:0.5 
Trial 3 1:1 
Final dilution rate 
Trial 1 1:2 
Trial 2 1:1 
Trial 3 1:2 
Final concentration DMSOC 
Trial 1 4% 
Trial 2 3 + 4% 
Trial 3 6% 
Semen inseminated 
Trial 1 0.25 ml 
Trial 2 0.25 ml 
Trial 3 0.50 ml 
a Composition of BPSE described by Sexton (1977). 
b BPSE adjusted to the pH and osmolality of crane semen (7.8 pH 
and 310 mosM). 
c DMSO diluted with semen extender before final semen dilution. 
iment 3); semen dilution when collected or 30- 
90 minutes later (Experiment 2); and dilution 
after thawing (Experiment 6). 
Sperm survival in straws from the same se- 
men pool was not affected by storage or thaw- 
ing. Semen straws were filled with 0.3-ml ali- 
quots from each semen pool and frozen at one 
time but on different aluminum canes. In Ex- 
periment 7, survival of semen stored for 4-10 
weeks but thawed on different days in the same 
30-day period was similar. The first samples 
thawed averaged 50 ? 13% live, and the second 
samples thawed averaged 47 + 12% live sper- 
matozoa. In Experiment 8, sperm survival in 
semen stored for <1.5 months and those stored 
for >8 months was similar. The samples thawed 
after 1.5 months averaged 40 + 9% and those 
thawed after 8 months averaged 44 ? 13% live 
spermatozoa. 
Based on SEM, the addition of crane diluent 
and the subsequent addition of 6% DMSO did 
not appear to be detrimental to spermatozoa. 
Normal appearing spermatozoa in undiluted, 
diluted, and diluted plus 6% DMSO semen were 
simple, filiform-shaped cells which tapered from 
about 0.8 sm maximum head diameter to about 
0.25 pLm diameter at the tail just distal to the 
mitochondrial sheath. Although no attempt at 
quantification was made, it was obvious that 
most spermatozoa in undiluted, diluted, and di- 
luted plus DMSO semen exhibited some struc- 
tural abnormality (Fig. la, b). Head abnormal- 
ities were most prevalent and ranged from local 
dilations (possibly due to unequal condensation 
of chromatin material) to an overall thickening 
and irregularity of the sperm head. More ex- 
treme abnormalities included spherical or ob- 
long shaped heads from which a tail projected. 
Occasionally the sperm plasmalemma had a ruf- 
fled appearance or was partially disrupted, ex- 
posing the mitochondrial sheath or conical 
shaped acrosome. Whether such structural di- 
versity can be correlated with the low percent- 
age of live sperm scores seen in the present 
study is not known. Nevertheless, such struc- 
tural variation has been noted previously (Gee 
and Temple 1978, Sharlin et al. 1979, Russman 
and Harrison 1982). 
Most frozen-thawed crane spermatozoa were 
extensively damaged, particularly at the mid- 
piece where the mitochondrial sheath was ex- 
posed, revealing rounded and dislodged mito- 
chondria (Fig. Ic, d). Such freeze-thaw damage 
is qualitatively similar to that observed by Har- 
ris et al. (1973) and Bakst and Sexton (1979) in 
the chicken and by Marquez and Ogasawara 
(1977) and Bakst and Sexton (1979) in the tur- 
key (Meleagris gallopavo). These authors at- 
tributed the damage to osmotic stress. 
Insemination Trials 
In the insemination study (Trials 1 and 2), 
changes made in the technique reported earlier 
(Gee and Sexton 1979) resulted in decreased 
fertility and sperm survival in the frozen- 
thawed semen. However, further modifications 
(Trial 3) resulted in the largest number of fer- 
tile eggs (16) and chicks (8) ever obtained from 
cranes inseminated with frozen-thawed semen 
(Table 2). Technique refinements, such as the 
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Fig. 1. Scanning electron micrographs of greater sandhill crane spermatozoa: (a) fresh semen (x8,000); (b) fresh semen in 
crane semen extender (x 4,000); (c) and (d) frozen-thawed semen in crane semen extender and 6% DMSO (x 6,000). Morpho- 
logically normal and abnormal spermatozoa are observed before freezing (a, b). Abnormal forms include swollen head (arrows) 
and plasma membrane loss (double arrows). Porous structures (P) of unknown origins are routinely found in the semen sample. 
After freezing, most spermatozoa are characterized by plasma membrane loss and swollen or displaced mitochondria (M) (c, 
d). Loss of the acrosome (arrowhead) was also observed. A normal spermatozoan is observed in (c). 
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Table 2. Fertile eggs from cranes inseminated with frozen- 
thawed semen (Trials 1-3). 
Hatchabilitya 
of fertile 
Live sperm per Fertility eggs 
insemination Eggs 
Trial no. (106) laid N % N % 
1 6.4 
_ 
0.5 30 4 13 1 25 
2 8.6 ? 2.4b 21 1 5 0 0 
3 16.0 ? 3.5 32 16? 50 8 50 
Total 83 21 25 9 43 
a Eggs artificially incubated. b Dilution rate was 1:2 in Trials 1 and 3, and 1:1 in Trial 2. 
C Significantly greater P 0.025 (Trial 3 vs. Trials 1 and 2). 
new crane extender, increasing the level of 
DMSO to 6%, and increasing the number of live 
spermatozoa per insemination, contributed to 
the improved fertility in Trial 3 (P < 0.025). 
Gee and Sexton (1979) indicated that the 
number of spermatozoa inseminated (20 mil- 
lion/insemination) was an important factor in 
subsequent crane fertility. According to our es- 
timates (Table 2), 16 million live spermatozoa 
per insemination were used in Trial 3 and few- 
er than that in the other two trials. Although 
the number of live spermatozoa per insemina- 
tion in Trial 2 was greater than in Trial 1, the 
number of live spermatozoa inseminated was 
smaller than the number inseminated in Trial 
3. 
The technique developed provides a viable 
method for the preservation of crane semen. 
Using the crane extender plus 6% DMSO, 50% 
of sperm survived the freezing-thawing pro- 
cess, and 50% of eggs laid by cranes inseminat- 
ed with frozen-thawed semen were fertile. Also, 
an increase in the number of live spermatozoa 
per insemination to 25 or 30 million should im- 
prove fertility. This technique makes it possible 
to store semen and to use semen when needed 
to restore genetic diversity. 
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